Lenti-X TM 293T and B16 melanoma cells were purchased from Clontech laboratory and ATCC, respectively. EL-4, a mouse lymphoma cell line, was purchased from RIKEN cell bank. All cells were cultured in DMEM (Wako, Japan) media supplemented with 10% fetal bovine serum (FBS) (Nichirei Biosciences Inc. Japan), 0.1 mM non-essential amino acids (Gibco), 100 IU/ml penicillin and 100 μg/ml streptomycin (Gibco), and 0.03% L-glutamine (Gibco). Cells were incubated in 5% CO 2 incubator at 37 °C conditions. C57BL/6 (B6) mice were purchased from SLC Japan, Inc. (Shizuoka, Japan). Bhlhe40 -/mice and Jα18 -/mice were generated as previously reported (11, 46). NKT clone mice were generated from NKT-NT-ES cells by nuclear transfer of iNKT cells (47), while Bhlhe40 -/-NKT clone mice were generated by crossing Bhlhe40 -/mice and NKT clone mice in our laboratory. Mice were maintained in a temperature-controlled, pathogen-free room at the Institute for Genetic Medicine, Hokkaido University, and treated with human care according to animal procedures approved by Animal Care Committee of Hokkaido University. Six-to eight-weeks old mice were used in this study.
Purity of sorted cells was more than 98%.
Antibodies used to stain cells were purchased from BD Bioscience, eBioscience, or Biolegend as follows: α-TCRβ (H57-597), α-T-bet (4B10), α-NK1.1 (PK136), α-CD4 (RM4-5), α-CD19 (MB19-9), α-CD44 (2M7), α-CD150 (TC15-12F12.2), α-Ly49A (YE1/48.10.6), α-Ly49C (SW5E6), α-Ly49G2 (4D11), α-IL-4 (BVD6-24G2), α-IL-17RB (9B10) and α-IFN-γ (XMG1.2) Abs. CD1d dimer (CD1d fusion protein (dimer X)) was purchased from BD Bioscience and α-GC (KRN7000) was obtained from Kirin Phama Co. PE-labeled α-GC loaded CD1d dimer was prepared as previously described (48).
Cell proliferation assay and Enzyme-linked immuno-sorbent assay (ELISA)
iNKT cells (2 × 10 3 /well) were purified from spleen of wild-type (WT) or Bhlhe40 -/mice, and cultured in RPMI-1640 (Wako, Japan) media supplemented with 10% FBS. Other supplements contain 0.1 mM non-essential amino acids, 100 IU/ml penicillin and 100 μg/ml streptomycin, 1 mM sodium pyruvate, 10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 100 μM β-mercaptoethanol, and 2 mM L-glutamine. Isolated cells were then co-cultured with 35
Gy-irradiated splenocytes (2 × 10 5 /well) from Jα18 -/mice in 96 well round-bottom culture plate.
iNKT cells were stimulated with gradient concentrations of α-GC (0, 0.1, 1, 10, 100 ng/ml), then samples were incubated in 5% CO 2 incubator at 37°C conditions. After 40 hours, 3 H-thymidine (1 µCi/well) was added to culture for 8 hours, and incorporated 3 H-thymidine-labeled cells were filtrated Printed Filtermat A (PerkinElmer) by cell harvester (INOTECH). DNA incorporation of 3 H-thymidine was measured by MicroBeta2 ® (PerkinElmer). Supernatants of cell culture were collected to measure levels of IFN-γ and IL-4 production by ELISA (Mouse IFN-γ DuoSet ® R&D (DY485), Mouse IL-4 DuoSet ® R&D (DY404)).
In vivo stimulation and cytokines measurement
WT or Bhlhe40 -/mice (n=3, 8 weeks old) were intravenously injected with 2 μg of α-GC, and serum was collected at 0, 6, 12, 24, 36 and 48 hours after administration. Levels of in the serum were evaluated using CBA kit (BD Biosciences) according to the manufacturer's instructions. Flowcytometry was performed on FACS Canto TM II and data were analyzed using FCAP array TM v3.0 (BD Biosciences).
For add-back experiments, 2 × 10 6 of splenic WT or Bhlhe40 -/-iNKT cells (TCRβ + CD1d -αGC dimer + ) isolated from NKT clone mice by FACS Aria TM II sorting, and intravenously administrated into Ja18 -/mice (n=3, 8 weeks old). 1 hour after iNKT cells transfer, mice were stimulated with intravenous injection of α-GC (2 µg) and serum levels of IFN-γ and IL-4 were measured as described above.
For intracellular staining experiments, spleens from α-GC (1.5 μg)-stimulated WT or Bhlhe40 -/mice (n=3, 8 weeks old) were collected and used to evaluate IFN-γ and IL-4 expression in iNKT cells. Intracellular staining was performed using BD Cytofix/Cytoperm TM kit. Flowcytometry was performed on FACS Canto TM II and data were analyzed using FlowJo TM software.
Melanoma metastasis model
In lung metastasis model, B16 melanoma cells (5 × 10 5 cells) were inoculated intravenously to WT and Bhlhe40 -/mice (females, 6-8 weeks old, n=3), followed by intraperitoneal administration of α-GC (4 μg) or a vehicle. 7 days after the inoculation, lungs were removed and numbers of tumor nodules were determined by microscopic inspection.
In liver metastasis model, B16 melanoma cells (1 × 10 6 ) were inoculated into the spleens of WT mice (females, 6-8 weeks old, n=3) or Jα18 -/mice (males, 6-8 weeks old, n=3) transferred with WT, Bhlhe40 -/-iNKT cells (1 × 10 6 cells) or vehicle. Then, mice received intraperitoneal injection with α-GC (2 μg). 10 days after the inoculation, livers were removed, and photographs were taken to measure melanoma surface area.
Luciferase reporter assay
Lenti-X TM 293T cells were transfected with 1 μg of plasmids using polyethyleneimine (PEI). EL-4 and MEF cells were transfected with 10 μg of plasmids using Neon ® system (Invitrogen).
Luciferase reporter plasmids were as follows: pBS-luc-IFNγ (provided by Dr. Kenneth M. Murphy, Washington University) (49, 50), pGL4.32-luc2P/NFκB-RE/Hygro (E8491, Promega), and pGL4.30-luc2P/NFAT-RE/Hygro (E8481, Promega). For T-bet-expressing plasmid, 0.01 μg were used for transfection. As a transfection control, 10 ng of beta-galactosidase control vector was transfected simultaneously. pGL4.32-transfected cells were stimulated with PMA (Sigma) 0 hour or 6 0 hour after transfection. Luciferase activity was measured using Luciferase Assay System (Promega) after 24 or 48 hours after transfection.
Short hairpin RNA against Bhlhe40
Short hairpin (shRNA) sequences against mouse Bhlhe40 were cloned into lentiviral plasmid. A recombinant lentiviral vector was generated by transient transfection of Lenti-X TM 293T with a combination of the self-inactivating (SIN) vector (CS-RFA-EC), entry vector (pENTR4-H1) and packaging constructs pCAG-HIVgp and pCMV-VSV-G-Rev (kindly provided by Dr. Miyoshi Hiroyuki, RIKEN BioResource Center, Ibaraki, Japan) using PEI. Supernatants containing lentviral particles were collected after 48 hours and used for the transfection to make shRNA expressing transfectant.
Co-immunoprecipitation and western blot analysis
For co-immunoprecipitation assay, Lenti-X TM 293T cells were transfected using PEI with HA-tagged Bhlhe40 or unrelated HA-tagged protein (pcDNA3.1/CAT (provided from Invitrogen)) accompanied with Myc-tagged T-bet, Stat4 or control vectors. 48 hours after transient expression, cells were harvested and lysed with 500 μl of lysis buffers and incubated on ice for 20 minutes.
Insoluble materials were removed by centrifugation. To analyze the interaction of endogenous Bhlhe40 and T-bet, 3 × 10 6 iNKT cells were isolated from NKT clone mice and either left untreated or stimulated with α-CD3/28 Abs (3 μg/ml), followed by cross-linking with anti-hamster IgG Ab (10 μg/ml) for 60 minutes. To inhibit phosphatase, cell lysates were prepared by lysis buffer supplemented with sodium orthovanadate and NaF. Cleared lysates were incubated with 20 μl protein G beads (BeadsPierce) for 1 hour at 4°C on a tube rotator. Samples were then centrifuged (10000 rpm, 1 minute, 4 °C), and supernatants were collected. Protein complexes were labeled with α-HA, α-Myc, or α-T-bet Abs (60 minutes on ice) and precipitated by protein G beads (20 μl, 1 hour at 4 °C on a tube rotator). Precipitated beads were then washed five times with lysis buffer and eluted by boiling at 95 °C for 5 minutes followed by separation on 10% SDS-PAGE gels.
Western blot transfer was done on Immobilon ® -P PVDF membranes (Millipore) with a wet western blot system (Bio-Rad). Immunoprecipitated proteins were detected with primary monoclonal α-HA Ab and α-Myc Ab for transfected samples, while α-Bhlhe40 (DEC1, Novus) and α-T-bet (H-210, Santa Cruz-21003) Abs were used for endogenous samples. As secondary antibody horseradish peroxidase (HRP) conjugated Ab was used for detection by Chemiluminescence (Super signal ® West Femto, Thermo Scientific) or ECL TM prime (GE health care). Blots were acquired with ImageQuant TM LAS4000.
Chromatin immunoprecipitation
In chromatin immunoprecipitation (ChIP) assay, lysates were prepared from iNKT cells (1 × 10 6 ) isolated from WT or Bhlhe40 -/mice. Samples were sonicated using Bioruptor ® (UCD-250, COSMO BIO CO., LTD.) under these conditions: 250 W for 30 seconds, 6 repeats of on-off, for 3 cycles. During sonication samples were kept in ice-chilled water all the time. Antibodies used in ChIP assay were as follows: Acetyl-Histone H3 (K9) (CSB11, Cell Signaling), Tri-Methyl-Histone H3 (K4) (C42D8, Cell Signaling), Di-Methyl-Histone H3 (K4) (C54G9, Cell Signaling). As a control Ig, normal rabbit IgG was purchased from Santa Cruz (SC-2027). α-Bhlhe40 polyclonal antibodies were used at concentration of 10 μg/sample. Before PCR, DNA purification from ChIP DNA sample and input DNA sample using ChIP DNA Clean & Concentrator TM (ZYMO RESEARCH CORP) according to the manufacturer protocol. Genomic PCR was performed similar to RT-qPCR described above. The primers used for the amplification of Ifng locus are described in Table S1 (26-29). The primers for Il4 locus are described in Table S2 (32).
Differentiation of bone marrow dendritic cells (BMDC) in vitro
Bone marrow progenitors were extracted from mouse tibiae and femurs. 5 × 10 5 of the bone marrow progenitors were seeded on 24 well plate with 1ml RPMI-1640 media supplemented with 10% FBS, granulocyte-macrophage colony stimulating factor (10 ng/ml) and IL-4 (1 ng/ml). Other supplements contain 0.1 mM non-essential amino acids, 100 IU/ml penicillin and 100 μg/ml streptomycin, 1 mM sodium pyruvate, 100 μM β-mercaptoethanol, and 2 mM L-glutamine.
Three-quarter of the medium was changed by new culture medium every other day. On 6 day, adherent BMDCs were collected by gentle pipetting and received 35 Gy irradiation.
Cultivation of T-bet positive and negative iNKT cells in vitro
Whole splenocytes were collected from WT mice (males, 6-8 weeks old) and CD1d-α-GC dimer + positive cell selection was performed using the method of magnetic-activated cell sorting (MACS ® ; Miltenyi Biotec). CD1d-α-GC dimer + cells were separated into T-bet positive iNKT cells (TCRβ + CD1d-α-GC dimer + CD4 + IL17RB -) and T-bet negative iNKT cells (TCRβ + CD1d-α-GC dimer + CD4 + IL17RB + ) by FACS Aria TM II sorting. Purity of the sorted cells was more than 98%. 1 × 10 5 of the sorted cells were separately co-cultured with 2 × 10 5 irradiated BMDCs with RPMI-1640 with 10% FBS, α-CD3 Ab (3 μg/ml, 145-2C11, Biolegend) and α-CD28 Ab (1 μg/ml, 37.51, Biolegend) for 3 days. Other supplements contain 0.1 mM non-essential amino acids, 100 IU/ml penicillin and 100 μg/ml streptomycin, 1 mM sodium pyruvate, 100 μM β-mercaptoethanol, and 2 mM L-glutamine. On day 3, half of the medium was changed by RPMI-1640 with 10% FBS, the supplementations, IL-2 (20 ng/ml) and IL-7 (20 ng/ml). Every 3 days, half of the medium was changed to new RPMI-1640 with 10% FBS, the supplementations, IL-2 (20 ng/ml) and IL-7 (20 ng/ml). After 3 weeks, cells were collected and used for further experiment. Figure S7 
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